INTRODUCTION
Agricultural commodity prices are mainly driven by fundamental factors over a long period, and notably depend on climatic conditions, growth of emerging countries and structural changes such as the increasing demand for biofuels. After historical peaks up to the 2007-2008 global financial crisis, market prices have become more volatile and less synchronized, and sometimes dramatically fall. This new environment also corresponds to the implementation of non-standard monetary-policy measures by major central banks. There are those who understand it as an irreversible call into question of the Jackson Hole consensus and flexible inflation-targeting. Others argue that the paradigm of central banks remains unchanged and that each measure can be classified either as a monetary policy measure or as a financial stability measure, with respect to the Chinese wall that is supposed to favor expectations' anchorage. Whatever the case is, the post-crisis environment is characterized both by erratic fluctuations of commodity prices and financial-stability oriented measures of monetary policies implemented by the major central banks.
From a methodological point of view, many tests allow to dissociate interaction and contagious effects between monetary and financial variables. Further, provided that financial markets' troubles and risk aversion are controlled, historical conditional correlations given by various GARCH processes enable specifying the possible impact of monetary policies on agricultural commodity prices, when monetary policy is simply oriented to consumer prices (before the global crisis) or when monetary policy is largely defined by financial stability matters (after the global financial crisis).
In the literature, such an impact is measured through various channels, with an emphasis on portfolio reallocations and the external value of the U.S. dollar. Portfolio reallocations are focused on the effect of monetary policy changes and asset purchases by central banks, and hence punctual relationships that are timelimited and clearly identified, according to the macro-news following monetary policy committee meetings and eventually auctions and open market operations. The external value of the U.S. dollar raises the difficult question of the drivers of exchange rate and chosen currencies, preventing any general conclusion with regard to possible spillover effects of monetary policies.
In this respect this paper aims at testing the financialization hypothesis that the ongoing financial markets' integration and subsequently the continuous deepening of various markets result in increasing the correlations of market prices over-time. Our study is based on daily spot prices of six agricultural commodities (wheat, corn, soybean, rice, coffee and sugar), VIX and S&P 500 indexes and oil prices from November 1995 to December 2015, including the Economic Policy Uncertainty [EPU] index and long-term U.S. sovereign bond yields. Then we address the question of possible structural changes with regard to the impact of monetary policy. Indeed, despite official interest rates and reserve requirements, central banks' aim is to stabilize short-term money market interest rates next to the main policy rate. This is especially true if monetary policies shift towards financial stability and if interbank trouble occurs, which is noted during the post-crisis period. Assuming that the Federal Reserve System is the most influential system around the world, the volatility of overnight Fed funds markets offers the additional advantage of providing a data frequency consistent with market prices of agricultural commodities. Therefore, over a long period of time, we seek the relationships between the short-term success of monetary policy (with regard to money market) and asset prices, including raw commodities.
Our findings are consistent with the financialization hypothesis concerning agricultural commodities, oil, sovereign bond markets and stock markets. In other words, conditional correlations increase over time, and this study specifically shows that the finding remains true when considering agricultural returns on physical markets. As a consequence, the financialization of commodity markets is accompanied by changes in commodity returns, which calls into question the role of derivative markets and notably index investment. What's more specific linkages between monetary policy and agricultural markets have changed since the implementation of non-standard monetary measures. More precisely, dynamic conditional correlations between effective Fed funds' volatility and asset prices remain negative but surprisingly have been decreasing since the global crisis. Besides the expected sign, lower correlations show a decrease in spillover effects on asset prices when monetary policy is oriented towards financial stability. In other words, while the "conventional" monetary policy could have favored booms before the crisis, the post-crisis monetary policy reduces adverse effects on agricultural markets. The portfolio diversification is thus affected by changes in correlations over-time, including the implementation of non-standard monetary policies. This finding in turn highlights the growing importance of financial issues for central bankers. The article is organized as follows: section 2 presents related literature, section 3 is related to data and methodology, and section 4 puts forward results and interpretation. Section 5 concludes.
STATE OF THE ART
The continuous deepening of developed countries' financial markets since the early 2000s may imply structural changes that DCC models are able to account for. Thus, several studies point out the growing correlations between markets and securities, especially stocks and commodities, with a pivotal role for oil prices (Basher and Sadorsky, 2016) , and Chkili et al., 2014, over a longer period of time). Oil prices are also related to the exchange rate of oil-exporting countries (Ferraro et al., 2015) . Here, the 2007-2008 global crisis may disrupt the analysis as it follows the 2006-2008 food crisis and also represents a structural breakdown with regard to the above-mentioned relationships (Creti et al., 2013; Han et al., 2015; Wang et al., 2014) . As a consequence, correlations are specified and causal relationships are identified, for example from 2006 regarding, specifically, corn and soybean (Avalos, 2014) or, more broadly, over thirty years for twenty-four agricultural commodities in a panel setting (Nazlioglu and Soyta, 2012) .
Other findings highlight the usefulness of future returns to identify the asymmetry of relationships between stocks and raw materials , and to point out the effects of financialization on commodity prices (Paraschiv et al., 2015) . They also show that commodity returns may favor speculation (Andreasson et al., 2016 ) but speculation might not, in turn, reinforce commodities portfolios' volatility (Miffre and Brooks, 2013 ). Yet, portfolio management is shaped by changes in markets' and assets' correlations, taking into account that energy prices may drive financial markets before the global crisis but instead support stock-market troubles after mid-2008 (Jebabli et al., 2014) . In any case, the 2007-2008 global crisis is accompanied by troubles that also affect emerging-market countries, such as the Indian commodity markets (Shalini and Prasanna, 2016) .
Among the studies carried out on this topic, a significant number is related to the link between monetary policies and asset prices, especially commodity prices (Anzuini et al., 2013; Hammoudeh and Nguyen, 2015; Hayo et al., 2012) . Some authors focus on the impact of money supply and the Federal Fund interest rate, and show that a very accommodative monetary policy (in response to the financial crisis) tends to increase (weakly but significantly) commodity prices (Anzuini et al., 2013) . Again, a historical approach over a long (Frankel and Hardouvelis, 1985; Frankel, 1986; Frankel and Rose, 2010) or a very long (Laopodis, 2013) period helps to detail recent changes. Moreover, commodity prices notably derive from expected interest rates and consumer prices (Frankel, 2014) .
Papers are sometimes focused on standard and non-standard measures of monetary policy (Rosa, 2014) , or on the global financial crisis and the sole nonstandard measures (Bauer and Neely, 2014; Bowman et al., 2015; Glick and Leduc, 2012) . Most of the time, authors put the emphasis on the effect of news related to the expected path of interest rates and open-market operations, including assets purchase. After the zero lower bound, the impact of Fed's actions on domestic stock returns and the impact of US monetary policy surprises on global equities are higher (Eksi and Tas, 2017; Chortareas and Noikokyris, 2017). However, surprises on the federal fund rate already had significant effects on stock returns before 2007 (Jansen and Zervou, 2017 ). This impact is finally more pronounced when monetary policy surprise is negative (Gallo et al., 2016) .
Besides feedback due to credit activity, monetary policy mainly works through the interest rate channel in usual macroeconomic models. However, the relationship between the funds rate and the funds-rate target may be controversial. United States monetary policy makers' ability to influence interest rates may be greatly exaggerated, as the effect of open-market operations on the funds rate is at best weak (Thornton, 2007) . Further, the (questioned) ability to control funds rate does not necessarily imply controlling the term structure of interest rates, so the theoretical underestimate of money's essential role has led to non-standard measures that consist of excessive money supply (Thornton, 2014 ). Yet, the author also states a marked improvement in the relationship between the funds rate and the funds-rate target over a long period, as the latter has become a policy instrument since the late 1980s (so it is no longer an operating instrument).
As indicated above, money supply may be excessive with regard to both monetary and price stability. However, in a context of financial distress and bank troubles, interbank risk premiums appear and concern central banks, whose action is largely conducted towards the stabilization of short-term interest rates, notably through reserve requirements, assets purchase, liquidity funding and forward guidance. In this context, the interest rate volatility represents a suitable (daily) measure of monetary policy success. In other words, Thornton's criticism of nonstandard monetary policy measures, macroeconomic models and drivers of funds rate remains intact, and the will power of keeping fund rates around the target is observed. Further, non-standard monetary policy measures are implemented because the so-called global crisis, but previous years are also well known for huge open market operations that may have influenced the volatility of fund rate.9
It might be said that the interest rates that matter are real federal funds rates that sometimes move in the opposite direction from official interest rates (Tatom, 2014) . This detail would be necessary for issues on inflation. Real short-term interest rates are also relevant regarding the significant (and asymmetric) effect of monetary policy on uncertainty and risk aversion, measured by the VIX index (Bekaert et al., 2013) . Conversely, the aim of this paper is to measure the changes in financial assets' correlation over time, with an emphasis put on the effect of monetary policy. In this context, possible spillover effects may not be found through standard channels but instead through portfolio reallocations, hence focusing on nominal official and effective fund rates. Here we highlight that Thornton (2014) calls into question the ability of central banks to control other interest rates. This is related to policy control and is separated from the question of the effect of monetary policy, for which Hanson and Stein (2015) find a long-term effect (which may not be supported by standard macroeconomic models that state that monetary policy effects cannot last for longer than price adjustments). Even though the changes in the slope of the yield curve are measured through real longterm interest rates, the underlying mechanism relies on portfolio reallocations successive to a demand for high nominal return from "yield-oriented investors". The same reasoning applies to support the "risk-taking channel" hypothesis (Borio and Zhu, 2012; Rajan, 2005) .
Through a DCC-GARCH model, the aim of this paper is to highlight substantial changes on correlations between agricultural commodity prices and other asset prices on the one hand, and monetary policy measures and agricultural commodity prices on the other hand, before and since the global financial crisis. In addition to usual control variables (stock market index and volatility, oil price, tenyear sovereign bonds' yields), the U.S. monetary policy takes into account the daily spread between effective and official fund rates, indicating the ability of the central bank to stabilize short-term interest rates (for monetary or financial stability purposes). Alternatively, two datasets that measure the volatility of the effective fund rate and the uncertainty around future monetary policy measures act as robustness tests.
DATA AND METHODOLOGY
This study related to the financialization of commodity markets covers six agricultural commodities' daily spot prices (wheat, corn, soybean, rice, sugar and coffee) over the period from September 9, 1995 to December 22, 2015, with 5249 observations (Figure 1 ). The data that feature the financialization hypothesis are the S&P 500 stock market index (S&P 500), the related volatility VIX index (vix), oil price (oil), the ten-year U.S. sovereign bond yield (usbond), the U.S. Economic Policy Uncertainty index (EPU), and the spread between U.S. effective and official daily fund rate (minfed), as indicated by Bentoglio and Guidoni (2009) . This latter measure is an interest variable that indicates whether the central bank succeeds in reducing fund-rate fluctuations around the main policy rate. Alternatively, relationships are estimated by replacing "minfed" by the volatility of the effective fund rate (volfed), closely related to the former except that it excludes the level of policy rates applied by the Fed.10 Table 1 provides descriptive statistics regarding the various asset prices of the study. We note the high volatility of coffee and oil prices and S&P 500 index comparatively to other series as wheat and corn. The ten-year U.S. sovereign bond yields are characterized by a slight (left) asymmetry. The distribution of wheat prices finally reveals an important leptokurticity in comparison with other agricultural commodities. 10 The stock market volatility index (VIX) is provided by Chicago Board Option Exchange (CBOE).
Preliminary analysis
Then, the variable denoted oil corresponds to the West Texas Intermediate's crude oil price, which is extruded from Datastream. The EPU index is built from press archives that are available on Access World News Bank service and given by S. Baker, N. Bloom and S. J. Davis on www.PolicyUncertainty.com.
The results presented in Tables 2 and 3 confirm the existence of a unit root, so we use the first differences of prices' series logarithm which constitute proxies for financial returns:
) where denotes the price at time .
Descriptive statistics for stationary series are given in Table 2 . They reveal a strong leptokurticity of corn and rice returns, soybean to a lesser extent, and a strong negative skewness for corn and soybean returns. The Jarque-Bera normality test concludes on an abnormal distribution of returns for all variables. It is interesting to note that coffee, sugar and oil are characterized both by high volatility and low average, and hence a risk/return ratio that is weaker comparatively to S&P 500 index and soybean, wheat and rice returns. Table 5 also provides results for ARCH and Ljung-Box tests, indicating that all the data, respectively, present an ARCH effect and auto-correlation that reveals persistence in the dataset. The analysis of linear correlation coefficients (Table 6 ) between returns correlations between agricultural and oil prices, except for coffee. We note that oil prices are positively related to agricultural prices, which bears out usual economic and statistics relationships. Contrary to this, the distance to official interest rate and agricultural returns are negatively related. This result suggests that money markets' troubles correspond to a decrease of returns, while monetary policy successes support price returns.
We then apply the Engle and Sheppard's (2001) null hypothesis test of constancy of conditional correlation in order to check the opportunity of a GARCH model with dynamic conditional correlation (DCC-GARCH). Indeed, results in Table 7 indicate that the conditional correlations that characterize the returns of agricultural and financial variables are dynamic.
Methodology
We propose to resort to a DCC-GARCH model (Engle, 2002) to analyze the dynamic conditional correlations between agricultural prices and financial variables. Let , the vector of returns of the variables taken into account, whose average can be described by a constant denoted . We note , the vector of error terms. We also assume that conditional returns are normally distributed with a zero mean and a conditional covariance matrix given by:
(1) where is a diagonal matrix of standard deviation obtained from the estimation of a GARCH model. is the matrix of conditional correlation coefficients standardized errors by:
(2) According to Engle (2002) , matrix can be decomposed as follows: (3) where is a positive-definite matrix of conditional variances and covariance of error terms and is an inverse diagonal matrix of defined by:
The DCC-GARCH (1, 1) model is then defined by:
(4) where is the matrix of unconditional variances/covariance of standardized errors. The dynamic conditional correlations are obtained by:
Using a DCC-GARCH specification allows to both depict dynamic conditional correlations and to consider features of time-series by appropriate GARCH models. In particular, returns of wheat, coffee and financial variables are well described by an asymmetrical non-linear GARCH (NAGARCH) defined by:
.
This model introduced by Engle and Ng (1993) describes leverage effects via the parameter : a negative value of this parameter indicates a negative correlation between shocks and conditional variance. In the case of financial variables, a negative parameter indicates that a negative shock will cause more volatility than a positive one.
Regarding sugar and rice returns, the choice of a nonlinear GARCH model seems more suitable. Introduced by Higgins and Bera (1992) , this model is defined by:
Finally, corn and soybean returns correspond to an exponential GARCH Nelson (1991) defined by:
This model allows accounting for the asymmetry between volatility and returns.
RESULTS AND INTERPRETATION
Before understanding results of estimates, we examine whether there are causal relationships in the sense of Granger (1969) between agricultural prices and monetary and financial data. Results are given in Table 8 , and can be summarized as follows: as expected, oil price Granger-causes the whole returns of the sample, except for rice. Then, causal relationships also appear from stock markets through VIX index (rice), S&P 500 index (sugar), both indexes (coffee, soybean), and may also be bidirectional (corn, wheat). Mostly, the distance to the policy rate weakly (and linearly) affects (at 10% level) rice, sugar and wheat prices, while no causality appears for the other commodities. Then, Table 9 provides results for DCC-GARCH estimated models. 11
Correlations over the entire period
We estimate dynamic conditional correlations between yields of each commodity and various financial variables (figures upon request). Over the period from 1995 to 2015, conditional correlations are very volatile, which may indicate that strong volatility regimes alternate with weak volatility regimes with regard to conditional correlations between agricultural and monetary and financial variables.
Overall, we note common features between the various estimated relationships. Indeed, conditional correlations change after the 2007-2008 crisis, with a sharp fall in 2008 for some agricultural commodities, which could be explained by the safe-haven status of raw commodities in a context of troubled financial and real-estate markets and strong financial instability (Creti et al., 2013) . The changes in conditional correlations are very interesting when we consider the spread between overnight interest rates. Indeed, conditional correlations between minfed and the various agricultural yields are dynamic from 1995 to 2010, and then become constant, and weakly weave around 0. In other words, the correlation between money market interest rate and agricultural assets become very stable and weak after the crisis. This change also corresponds to the implementation of nonstandard monetary policy measures by the Fed, notably aimed at stabilizing interest rates and money markets. Therefore, when the central bank stabilizes the shortterm effective interest rate around its main policy rate through a monetary policy that is explicitly financial stability-oriented, spillover effects on agricultural markets lower.
Other financial asset prices show, to the contrary, increasing correlations over time. Thus after the crisis, sovereign bonds are more correlated with each agricultural commodity. Except for soybean, this is also true with regard to the S&P 500 index, whose conditional correlations with agricultural assets (including rice, as opposed to the results by Creti et al., 2013) become more volatile from 2007. Oil price are also interesting: even-though no result appears during or after the crisis regarding its correlation with corn and soybean, the correlation with coffee and rice increases and it becomes more erratic regarding wheat and sugar. Then, the conditional correlations between VIX index and soybean just remain dynamic, the correlation between VIX index and three agricultural returns (wheat, rice, corn) remains high, becomes almost negative for sugar from 2007 and mostly the correlation between VIX index and coffee rises beginning with 2007. The EPU index does not highlight specific results other than the strong conditional correlation with agricultural yields over the whole period. We also note a low and negative conditional correlation between EPU and coffee and rice beginning with 2010.
Overall, two points arise. Firstly, and surprisingly enough, the correlations between money market interest rates and agricultural yields lessen over the period. This may be accounted for the implementation of non-standard monetary policy measures, including providing massive liquidity, asset purchases, and the emphasis laid on interest rates, not only through the zero lower bound but also by considering forward guidance by the Fed. Secondly, the rise in conditional correlations between financial and agricultural assets depicts an increase in relationships, and is convenient for the financial hypothesis.
Subdivision in sub-periods
The changes in DCC between financial and agricultural assets lead us to additional estimations implemented by sub-periods in order to isolate crisis, pre-crisis and post-crisis periods. Moreover, previous results about monetary policy may be due to a base effect, as interest rates are lowered at a very low level after the crisis (up to the zero lower bound): if so, we can replace minfed by the volatility of the effective Fed fund rate (volfed), which includes the level of policy rates.
Three sub-periods are defined: two bullish sub-periods (September 9, 1995 to July 31, 2007 and January 2, 2009 to December 22, 2015) and one bearish subperiod (August 1, 2007 to January 1, 2009). These periods are associated with important changes with regard to the crisis, and also when considering the differences in effective and policy interest rates. The selected GARCH specification for each variable, given in Table 10, shows that the asymmetric component for financial variables vanishes because these sub-periods allow to dissociate bearish and bullish movements. However, the non-linear characteristic of financial variables is verified when using sub-periods.
No change appears regarding rice, sugar and coffee variables. For wheat returns, we note that a non-linear GARCH specification is relevant in the two bullish sub-periods, but a GARCH specification is sufficient for the crisis period. For corn and soybean returns, standard GARCH specifications seem more relevant. Except for corn and soybean (over the recent period), we note that the sum of the coefficients is very close to 1 (except corn before and during the crisis and soybean before the crisis), which means that the volatility is highly persistent in the three sub-periods, even if it seems more important in the two first sub-periods (Tables 11 to 13 ). Then, conditional correlations provide interesting results and notably increasing correlations during the crisis-period. Especially, we find that with the corn, soybean and S&P 500 index, U.S. bond yields are highly and positively correlated with the VIX index (for corn, correlations are stable).12 The links between rice returns and oil, volfed and EPU were also highly important during the turmoil. Another interesting result relies on more volatile dynamics in bullish periods. Indeed, conditional correlations seem to be more dynamic regarding soybean returns and all financial variables (except for EPU), corn and rice returns with the S&P 500 index and oil price, corn or sugar returns and volfed, rice returns and the VIX index.
Besides some increasing correlations during the turmoil, the variable volfed does not give additional information compared with minfed. As indicated above, relationships between monetary policy and financial and agricultural asset prices decrease when the central bank aims at reducing the gap between money market interest rates and policy rates through non-standard measures of monetary policy. This finding disappears when replacing minfed by the volatility of effective interest rates (volfed, which takes into account the level of policy rate). Therefore, with regard to the interdependence between monetary policy and agricultural market, the most important thing is the ability of the central bank to stabilize the effective interest rate, and not the level of the policy rate.
CONCLUSION
By implementing DCC-GARCH models over the period 1995-2015 for agricultural, monetary and financial asset prices, we highlight two interesting results. First, the financialization hypothesis seems to be validated, as correlations between various assets increase mainly in the recent period while their dynamics are less clear-cut. Second, money markets do not seem to be more correlated with financial and agricultural markets, and they escape the financialization hypothesis.
Estimations by sub-periods highlight an increase in correlations and volatility during the financial crisis, which is very intuitive and should be dissociated from the trend. It is also necessary to be careful regarding correlations between oil and food raw materials, as the former is essential in the production of the latter. Our results also put forward growing correlations within financial variables (as stock and bond markets). As indicated in the literature, more and more integrated international capital markets explain growing correlations and then tend to validate the financialization hypothesis, which in turn could entail serious challenges in the future as regards portfolio diversification through weakly or negatively correlated assets. The most singular issue relies on growing correlations between financial and agricultural markets, which highlight the financialization of agricultural markets. In a context of strong instability of agricultural prices, the question of the drivers of commodity prices is raised. It stresses the need to take into account the role for derivative markets, indexed investment and/or financial intermediaries.
Then, monetary markets are considered through the ability of the central banker to stabilize short-term interest rates around policy rates. Surprisingly enough, correlations between monetary and financial variables have decreased over the recent period, so money markets escape the financialization hypothesis. As the post-crisis period also corresponds to the implementation of non-standard measures, a first interpretation is that a financial stability-oriented monetary policy successfully reduces the intensity of spillover effects towards financial markets. So beyond liquidity provided through funding and buyouts, the predictability of the path of interest rates may play a major and positive role with regard to expectations and portfolio reallocations. However, it is difficult to isolate this phenomenon from both the burst of the commodity bubble and the very weak level of policy rates. In this sense, it is still difficult to answer the question of structural changes regarding money, financial and agricultural markets. 
